Are landscape structures insurmountable barriers for foraging bees? A mark-recapture study with two solitary pollen specialist species by Zurbuchen, Antonia et al.
Apidologie 41 (2010) 497–508 Available online at:
c© INRA/DIB-AGIB/EDP Sciences, 2010 www.apidologie.org
DOI: 10.1051/apido/2009084
Original article
Are landscape structures insurmountable barriers
for foraging bees? A mark-recapture study
with two solitary pollen specialist species*
Antonia Zurbuchen, Christoph Bachofen, Andreas Mu¨ller, Silke Hein,
Silvia Dorn
ETH Zurich, Institute of Plant Sciences, Applied Entomology, Schmelzbergstrasse 9/LFO, 8092 Zurich,
Switzerland
Received 13 August 2009 – Revised and accepted 3 November 2009
Abstract – To investigate whether landscape structures act as insurmountable barriers for foraging bees,
we conducted mark-recapture studies with two pollen-specialist solitary species. Foraging options of the
bees were conﬁned to host plant stands across diﬀerent landscape structures. Diﬀerences in altitude of more
than 130 m were overcome and forests covering a distance of up to 480 m were crossed by Chelostoma
ﬂorisomne. A broad river and a motorway with intense traﬃc did not represent insurmountable barriers for
Hoplitis adunca. For C. ﬂorisomne, total foraging distances of up to 650 m were measured, but foraging
females were recorded predominantly on host plant patches available in relatively close vicinity to their
nesting site. While landscape structures might impede foraging in endangered bees, the investigated land-
scape structures clearly did not act as insurmountable physical barriers for the two common solitary bee
species tested in our study.
landscape barrier / fragmentation / foraging distance / Chelostoma ﬂorisomne / Hoplitis adunca
1. INTRODUCTION
Landscapes in temperate regions are gen-
erally composed of diﬀerent habitats. Nat-
ural or man-made landscape structures be-
tween or within habitats, such as forests, hills,
rivers or roads, can inﬂuence local populations
and the survival of metapopulations as shown
for example for butterﬂies and bush crick-
ets (Moilanen and Hanski, 1998; Hein et al.,
2003; Cozzi et al., 2008). Landscape struc-
tures were found to act as barriers for disper-
sal and colonization of new habitats for sev-
eral other groups of arthropods as well. Roads
impaired movement of carabid beetles and spi-
ders (Mader et al., 1990; Keller and Largiader,
2003; Koivula and Vermeulen, 2005) whereas
rivers prevented movement of tortricid moths
(Sciarretta and Trematerra, 2006). Open ﬁelds
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and agricultural landscapes acted as severe
barriers for forest-dwelling carabid beetles and
ants (Niemela, 2001; Kumar and O’Donnell,
2009). Flying insects may be generally as-
sumed to be less aﬀected by landscape struc-
tures than ﬂightless insects, as documented for
coleopteran species (Driscoll and Weir, 2005;
Koivula et al., 2005). However, even minor
vertical structures such as hedges, rows of
poplar trees or plastic windbreaks can restrict
movement of diﬀerent groups of ﬂying insects
(Dover and Fry, 2001; Wratten et al., 2003).
Landscape structures between or within
suitable habitats can not only aﬀect dispersal
and habitat colonization, they might limit the
foraging space of individuals as well. This is
especially true for central place foragers for
which nesting and foraging habitats are often
spatially separated. With the exception of the
cleptoparasitic species, bees are typical central
place foragers, returning to their nest multi-
ple times a day to provision their brood cells
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with pollen and nectar. Thus, for many bee
species, the presence of natural or man-made
landscape structures might reduce the access
to resources, thereby adversely aﬀecting pop-
ulation dynamics.
During the last few decades, bees have suf-
fered a considerable decline in local species
diversity and population size in many regions
of the world (Kearns et al., 1998; Steﬀan-
Dewenter et al., 2002; Biesmeijer et al., 2006;
Brown and Paxton, 2009; Murray et al.,
2009). Hence, the knowledge of potential bar-
rier eﬀects of landscape structures is im-
portant to understand population dynamics
of bees. While the knowledge of the spa-
tial use of landscapes by wild bees is in-
creasing (Walther-Hellwig and Frankl, 2000;
Gathmann and Tscharntke, 2002; Chapman
et al., 2003; Greenleaf et al., 2007; Beil et al.,
2008; Pasquet et al., 2008; Wolf and Moritz,
2008; Franzen et al., 2009), only very few
studies directly investigated barrier eﬀects of
landscape structures on pollen-collecting bees
(Bhattacharya et al., 2003; Kreyer et al., 2004).
In the present study, we investigated the
ability of foraging females of two solitary
bee species to overcome landscape struc-
tures such as forests, hills, rivers and motor-
ways. At a hilly, forested site we performed
a mark-recapture study with the megachilid
bee Chelostoma ﬂorisomne (Linné), which is
a common spring species in Central Europe,
addressing the following questions: (1) Do
forests act as insurmountable barriers prevent-
ing bees from reaching their host plants? (2)
What diﬀerences in altitude are overcome by
foraging females between nesting site and host
plants? (3) What distance do females cover be-
tween nest and host plants? At a site with open
water and a motorway, we carried out a second
mark-recapture study with the megachilid bee
Hoplitis adunca (Panzer), a widespread sum-
mer species in Central Europe, to analyse the
question: (4) Do rivers and motorways act as
insurmountable barriers for foraging females?
2. MATERIAL AND METHODS
2.1. Bee species
Chelostoma ﬂorisomne and Hoplitis adunca are
strictly oligolectic collecting pollen on Ranuncu-
lus (Ranunculaceae) and Echium (Boraginaceae),
respectively (Westrich, 1990; Sedivy et al., 2008).
C. ﬂorisomne is a medium sized species with a body
length of 7–11 mm and an average dry body mass
of 12.5 mg, whereas H. adunca is a larger species
with a body length of 8–12 mm and a body mass
of 19.7 mg (Müller et al., 2006). Both species natu-
rally nest in beetle burrows in dead wood (Westrich,
1990) allowing for artiﬁcial breeding in hollow
bamboo sticks or in pre-drilled burrows in wooden
blocks. For the present study, we collected nests of
C. ﬂorisomne and H. adunca at diﬀerent locations
in Switzerland. These nests were transferred to ar-
tiﬁcial nesting sites in the study areas before bee
emergence started.
2.2. Study areas
2.2.1. Hilly, forested site
The mark-recapture study with Chelostoma
ﬂorisomne was conducted in an agricultural
landscape intensively used for ﬁeld crops in
north-eastern Switzerland near Berlingen, Thurgau
(47◦ 39′ 86′′ N, 9◦ 1′ 20′′ E, elevation 410–600 m).
Four artiﬁcial bee nesting sites were established,
two within each of two large forest clearings of
16 ha and 24 ha surface area (Fig. 1). These clear-
ings were situated on a plateau above the adjacent
non-forested areas.
During the whole observation period, both clear-
ings were kept free of the bees’ speciﬁc host plants
by regularly mowing all ﬂowering stands of Ra-
nunculus (R. acris and R. repens). The only excep-
tion were ﬁve very small and neighbouring stands
of ﬂowering R. acris and R. bulbosus at the north-
western edge of the eastern clearing growing on
species-rich and nutrient-poor meadows, which are
prohibited by Swiss regulations from being mown
before mid of June. This area harboured the only
pollen sources that were attainable by bees without
crossing forest, namely by those nesting at sites C
and D (Fig. 1). All host plant stands were situated at
lower altitudes than the four nesting sites. The dif-
ference in altitude between nesting sites and host
plant stands, which mainly consisted of R. acris,
varied between 5 m and 150 m.
2.2.2. Site with open water
and a motorway
The second study with Hoplitis adunca was con-
ducted in an agricultural landscape intensively used
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Figure 2. Area with open water and a motorway for the mark-recapture study with Hoplitis adunca in
western Switzerland. The artiﬁcial nesting site close to the river is labelled with the letter N. The black area
shows the Echium vulgare stand on the roof of an underpass covering half of the motorway. White lines
indicate the foraging ﬂights of the recaptured females.
for ﬁeld crops in western Switzerland near Selzach,
Solothurn (47◦ 11′ 63′′ N, 7◦ 27′ 78′′ E, elevation
420 m), which is crossed by the river Aare (Fig. 2).
One artiﬁcial bee nesting site was established at
a distance of 10m from the river. The area at the
near side of the river naturally lacked the speciﬁc
host plants of H. adunca. The only host plant stand
available within a radius of 1200 m from the nesting
site was situated at the far side of the river in a dis-
tance of 350 m from the nesting site on the roof of
an underpass covering half of a motorway (Fig. 2).
It was composed of 120–150 plants of Echium vul-
gare scattered in an area of about 1.2 ha.
2.3. Bee establishment and marking
Bees were established by transferring 100 oc-
cupied nests to each nesting site. Hollow bamboo
sticks and wooden nesting blocks (150 × 150 ×
400 mm) with pre-drilled burrows (120 mm in
length, 3–5 mm in diameter for C. ﬂorisomne and
6–9 mm in diameter for H. adunca) were pre-
pared as artiﬁcial nesting sites. Bamboo sticks and
wooden nesting blocks were placed in a covered
shelf to protect them from rain. To support ini-
tiation of nesting activity by the newly emerged
females of C. ﬂorisomne, ﬂowering Ranunculus
stands were only mown shortly prior to the start
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of the observations. Therefore, in the initial phase,
host plants were available in distances of less than
30 m from the nesting sites. Similarly, to support
initiation of nesting activity by H. adunca, 50 potted
plants of Echium vulgare were placed at a distance
of two meters from the nesting site and plants were
again removed before the onset of the observations.
Females that showed nesting behaviour were
caught, immobilized at 5 ◦C in a cool box and
marked individually with fast-drying enamel paint
(Revell) on the thorax (1–2 positions) and the ab-
domen (1 position), applying colour codes with
eight diﬀerent colours. A total of 351 females of
C. ﬂorisomne were marked, ranging from 64 to 100
individuals per nesting site. A total of 20 females of
H. adunca were marked.
2.4. Study design and data analysis
2.4.1. Chelostoma ﬂorisomne at a hilly,
forested site
In March 2008 before ﬂowering of Ranuncu-
lus, all Ranunculus stands around the two clearings
within a radius of 700–800 m from the centre of
each clearing were mapped (Fig. 1). As we had
no previous information on the ﬂight capacity of
C. ﬂorisomne, we ﬁxed the position of the four nest-
ing sites in varying distances to Ranunculus stands.
The minimum distance from a nesting site to a Ra-
nunculus stand ranged from 180 m for nesting site
B to 460 m for nesting site D (Tab. I).
For eleven days between May 15 and June 1,
2008, the mapped Ranunculus stands were searched
for marked bees by at least two observers per day.
The total area covered by Ranunculus stands that
amounted to 19.7 ha was divided into 63 sectors
ranging from 0.01 ha to 1.4 ha with a median of
0.3 ha. These sectors were small to medium sized
Ranunculus stands spatially separated from other
stands by unpaved roads or by large Ranunculus-
free areas. Alternatively, they were parts of large
Ranunculus stands, which were artiﬁcially de-
limited by using prominent landmarks to facil-
itate the systematic search for marked females.
Density of Ranunculus for each sector was esti-
mated according to the following scoring system:
1 = < 5 ﬂowers/m2, 2 = 5−50 ﬂowers/m2, 3 =
51−100 ﬂowers/m2, 4 = > 100 ﬂowers/m2. The
search time per sector was proportional to its area
corrected by a factor based on the density of Ra-
nunculus ﬂowers (factor 1 for the lowest density
class and 1.25, 1.5 and 1.75 for the higher den-
sity classes, respectively). The minimum time to
survey a sector was set to 30min regardless of its
size or host plant density as the average time of
a foraging bout of C. ﬂorisomne in the study area
was found to be approximately 10–15 min. This
minimum search time should allow for recaptur-
ing marked females even in very small sectors. All
Ranunculus sectors were considered suitable forag-
ing habitats for C. ﬂorisomne. Indeed, in 90% of all
sectors unmarked foraging individuals of C. ﬂori-
somne were observed. All sectors were searched for
marked females twice on diﬀerent days. The total
time for one complete survey was 88 h. Ranunculus
stands that were mown by farmers, trampled by cat-
tle or withered during the observation period were
either omitted or assigned to a lower density class.
Marked females were caught with insect nets, in-
dividually identiﬁed and immediately set free again.
The presence of each recaptured female at its ar-
tiﬁcial nesting site was veriﬁed the same day. All
observations were carried out during sunny weather
between 10.00 h and 17.00 h with maximum daily
temperatures ranging from 20.0 ◦C to 25.5 ◦C.
To quantify the foraging distance of recaptured
females of C. ﬂorisomne, we calculated the direct
foraging distance (d) using the Pythagoras formula
d = √(h2 + a2), where h being the horizontal linear
distance between nesting site and place of recapture
and a being the diﬀerence in altitude. If the in-
clination varied along an individual ﬂight path, d
was calculated by summing up the d values of sev-
eral subsequent sections each characterized by a
constant inclination. Distances ﬂown across forests
were calculated analogously to the direct foraging
distances between nest and place of recapture. All
calculated distances were rounded to the nearest
10 m.
To analyze the bees’ favoured choice for host
plant stands in respect of (1) the diﬀerence in alti-
tude between nest and host plants and (2) the dis-
tance to the available Ranunculus stands, the 63
Ranunculus sectors were grouped into 19 Ranun-
culus patches (Fig. 1) representing contiguous for-
aging habitats in contrast to the sectors that were
artiﬁcially delimited for methodological reasons. A
patch consisted of several Ranunculus sectors that
were at equal altitude and connected or close to each
other where foraging bees were likely to switch
easily from one Ranunculus sector to another. As
diﬀerences in altitude and the direct minimum dis-
tances from the nesting site to Ranunculus patches
varied considerably between the four nesting sites,
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Table I. Distance values for the recorded foraging ﬂights of Chelostoma ﬂorisomne. The direct minimum
distance represents the distance to the closest host plant stand from each nesting site. The direct foraging
distance (d) was calculated from the horizontal linear distance (h) between nesting site and place of re-
capture and the diﬀerence in altitude (a) applying the formula of Pythagoras (see text). The direct distance
across forest represents the distance a bee had to ﬂy over or through forest. All distance values are given in
meters. Foraging ﬂights nos. 9 and 10, nos. 16 and 20, as well as nos. 18 and 19 were by one female each.
Foraging Nesting Direct minimum Horizontal linear Diﬀerence Direct foraging Direct distance
ﬂight site distance distance (h) in altitude (a) distance (d) across forest
1 B 180 250 55 260 170
2 B 180 260 55 270 200
3 B 180 300 55 310 170
4 D 340 360 10 360 150
5 B 180 370 5 370 270
6 B 180 360 65 370 200
7 A 310 360 80 380 140
8 D 340 390 10 390 160
9 D 340 390 10 390 160
10 D 340 390 10 390 160
11 D 340 390 10 390 150
12 A 310 390 80 410 140
13 C 460 500 110 510 210
14 D 340 560 45 560 450
15 D 340 570 45 570 480
16 C 460 560 135 580 290
17 C 460 560 135 580 290
18 C 460 560 135 580 290
19 C 460 560 135 580 290
20 C 460 560 135 580 290
21 C 460 650 30 650 0
the 19 patches were ranked (1) according to their
diﬀerence in altitude, the patch with the lowest rank
representing the patch with the least diﬀerence in
altitude to the nesting site, and (2) according to
their direct minimum distance to the nesting site,
the patch with the lowest rank representing the clos-
est host plant patch. Direct minimum distance was
calculated with the Pythagoras formula analogously
to the direct foraging distances (see above), using
the shortest horizontal linear distance between the
nesting site and the edge of the according Ranuncu-
lus patch. Patch ranking was made individually for
each of the four nesting sites. The recorded forag-
ing ﬂights were assigned to the ranked patches sep-
arately for each nesting site, e.g. the foraging ﬂight
of a bee from site C recaptured in the sixth closest
patch from its nest was assigned to rank 6. The total
number of foraging ﬂights for each rank was deter-
mined by summing up the results from all four nest-
ing sites. Statistical analysis of patch ranking was
not feasible due to the low number of recorded for-
aging ﬂights.
To test whether wind conditions inﬂuenced the
direction of the foraging ﬂights, wind directions at
the time of recapture of the individual bees were
correlated with the individual bees’ foraging direc-
tions using the software R (version 2.8.0). Weather
data were recorded by a ﬁeld weather station (CR10
Measurement and Control Module, Campbell Sci-
entiﬁc Ltd., Shepshed Leicestershire, England).
2.4.2. Hoplitis adunca at a site with open
water and a motorway
To test whether bees are able to cross open wa-
ter and paved roads, the host plant stand across the
river was searched for marked females during two
hours each on July 27 and July 31, 2007 during
sunny weather between 12.00 h and 17.00 h with
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maximum daily temperatures ranging from 24.2 ◦C
to 26.0 ◦C. The presence of each recaptured female
at the artiﬁcial nesting site was veriﬁed the same
day it was observed at the host plant stand.
3. RESULTS
3.1. Chelostoma ﬂorisomne at a hilly,
forested site
Of the 351 marked females, 19 (5.4%) were
recaptured in the Ranunculus stands on and
around the forest clearings (Fig. 1). Three of
these females were recaptured twice in the
same sector. All recaptured females were ob-
served to collect pollen, as could be judged by
their ﬁlled abdominal scopa, and all but one
recaptured bees were observed to provision
brood cells at one of the four nesting sites the
same day they were recaptured. The single fe-
male that was not observed at any of the nest-
ing sites after being recaptured was discarded
from analysis. In total, 21 foraging ﬂights of
18 individual bees (Tab. I) were included in the
analysis below.
All but one recaptured bees ﬂew across for-
est to reach the host plant stands (Tab. I). The
calculated direct distances these females had
to ﬂy over or through forest ranged from 140 m
to 480 m with a median of 200 m (Tab. I).
Diﬀerences in altitude overcome by forag-
ing females ranged from 5 m to 135 m with
a median of 55 m (Tab. I). Frequency of re-
captures did not reveal a distinct pattern with
respect to the diﬀerences in altitude overcome
by the recaptured females between nesting site
and host plant patch (Fig. 3A).
The calculated direct foraging distances (d)
between nesting site and place of recapture
ranged from 260 m to 650 m with a median
of 390 m (Tab. I). Nine bees ﬂew more than
500 m to reach the host plant patch. Frequency
of recaptures was high at host plant patches
close to the nesting sites (Fig. 3B) and low at
more distant places with a single recapture in
a plant patch not belonging to the four closest
host plant patches from the respective nesting
site.
Wind direction did not correlate with the
direction of the foraging ﬂights (RSpearman =
−0.1785, P = 0.439).
Figure 3. Total number of foraging ﬂights of Che-
lostoma ﬂorisomne per rank with respect to (A) the
diﬀerence in altitude from each nesting site and (B)
the minimum direct distance to each nesting site.
Rank 1 represents the Ranunculus patches with the
least diﬀerence in altitude from each of the four
nesting sites and the closest patches from each of
the four nesting sites, respectively.
3.2. Hoplitis adunca at a site with open
water and a motorway
Of the 20 marked females, three (15%)
were recaptured in the Echium stand across the
river in a distance of 360 m to 400 m from the
artiﬁcial nesting site (Fig. 2). To reach their
host plants, the bees had to ﬂy at least 100 m
over open water and 12 m over two lanes of
a motorway. Two of the three females were
observed on both observation days, yielding a
total of ﬁve recorded foraging ﬂights. All fe-
males collected pollen and provisioned brood
cells at the day of recapture.
4. DISCUSSION
Considerable diﬀerences in altitude be-
tween nest and foraging habitat as well as
dense forests with tall trees were overcome
by pollen-foraging females of the specialist
solitary bee Chelostoma ﬂorisomne. Further, a
broad river and a motorway with intense traﬃc
did not prevent females of the specialist soli-
tary bee Hoplitis adunca from pollen foraging
on its host plant. Thus, the landscape struc-
tures tested in our study clearly did not act as
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insurmountable barriers for foraging females
of the two solitary bee species.
While recapture rates found in the present
study are well within the range of recaptures
measured for species of other insect groups in
search of their key resources (Toepfer et al.,
1999, 2000; Haddad et al., 2008), they are
lower than those reported in other studies with
pollen specialist bee species (Bischoﬀ, 2003;
Franzen et al., 2009).
The limited number of recaptured females
of C. ﬂorisomne and H. adunca was undoubt-
edly due to the low probability of ﬁnding
marked bees in the vast host plant stands.
However, surpassing landscape structures ap-
pears to be a widespread behaviour of for-
aging C. ﬂorisomne and H. adunca females
in the study areas. At least 30 to 50 females
of C. ﬂorisomne were constantly provisioning
brood cells at each of the four nesting sites dur-
ing the whole observation period. As the for-
est clearings were devoid of Ranunculus ﬂow-
ers with the single exception mentioned above,
the great majority of these females must have
overcome similar diﬀerences in altitude and
similar distances across forests as the recap-
tured females. We can not quantify the per-
centage of non-recapturedmarked females that
might have discontinued provisioning a nest at
our nesting sites in favour of a nesting site with
easier access to host plants. Such nesting sites
were supposed to be plentiful along the forest
edges. Among the recaptured marked females,
however, this percentage remained below 10%
as only one recaptured bee out of 19 was never
observed at our nesting sites again, either be-
cause it had left the site or died after recapture.
Similar considerations apply to surmounting
of landscape structures by H. adunca. Most
marked individuals that were not recaptured
were observed to provision brood cells at the
nesting site, and to arrive from and leave in
the direction of the Echium plant stand that
was the only host plant stand within a radius
of 1200 m from the nesting site. These obser-
vations indicate that many foraging H. adunca
females indeed crossed the river and the mo-
torway.
Our study design allowed the bees ﬁrst to
establish a nest, before the bees’ foraging op-
tions were conﬁned to host plant stands across
a landscape structure. It is yet unknown to
which degree the bees would have left these
nesting sites after emergence without the ini-
tial ﬂower supply in close vicinity to their
nests.
4.1. Diﬀerences in altitude
Pollen-collecting females of C. ﬂorisomne
overcame diﬀerences in altitude of up to
135 m, which is close to the maximal diﬀer-
ence in altitude of 150 m of the study area.
This ﬁnding is remarkable for two reasons.
First, the bees had to transport the full pollen
load uphill back to their nest. Second, the fe-
males overcame the diﬀerences in altitude 10–
15 times per day, with each foraging ﬂight last-
ing 10–15 min (A. Zurbuchen, unpubl. data).
Therefore, the topography of the study area
does not appear to act as an insurmountable
barrier for the foraging Chelostoma bees. This
conclusion is in line with our ﬁnding that the
frequency distribution of recaptured females
did not show a clear pattern in favour for those
host plant patches with the lowest diﬀerence in
altitude to the nest.
4.2. Forests
Foraging females of C. ﬂorisomne crossed
forest areas over distances of up to 480 m
when trees were already completely foliated.
While it remains open whether the bees ﬂew
through or over the forest, we observed sev-
eral females, which, after leaving their nest,
ﬂew in a straight line at a height of about
1.5 m towards the forest border suggesting that
they ﬂew through rather than over the forest.
A study with bumblebees showed that Bom-
bus terrestris crossed forests above the canopy,
while B. pascuorum was assumed to ﬂy be-
low it (Kreyer et al., 2004). Foraging work-
ers of these two species were found to oc-
casionally cross woodland over a distance of
600 m between mass ﬂoral resources. Simi-
larly, workers of the bumblebee species Bom-
bus aﬃnis and B. impatiens were able to
cross forests over a distance of up to 130 m
(Bhattacharya et al., 2003). However, workers
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of all four bumblebee species were reluctant
to do so as long as there was an ample sup-
ply of ﬂowers available. These studies as well
as several studies on butterﬂies (Sutcliﬀe and
Thomas, 1996; Haddad, 1999; Townsend and
Levey, 2005) clearly show that the reluctance
to cross a landscape structure does not nec-
essarily indicate an insuperable barrier eﬀect
of that structure, but rather indicates an adap-
tive behaviour during periods when resources
are plentiful. It is possible that a large percent-
age of the females of C. ﬂorisomne provision-
ing brood cells at our nesting sites would have
refrained from crossing forests if ﬂower rich
Ranunculus stands were available on the two
forest clearings at similar distances from the
nesting site.
4.3. Open water
The present study documents the phe-
nomenon that pollen-collecting females of Ho-
plitis adunca can successfully cross a large
distance (100 m) of open water to reach the
closest available host-plant patch. The capabil-
ity to cross open water has been documented
so far for one solitary bee species and the
honeybee indicating that this behaviour might
be more widespread among bees. The solitary
bee Dasypoda altercator was found to ﬂy over
water in homing experiments (Chmurzynski
et al., 1998), and honeybees could be trained
to use feeders positioned on lakes in distances
of up to 300 m from the shore (Tautz et al.,
2004; Wray et al., 2008).
4.4. Roads
In the present study, females of Hoplitis
adunca ﬂew over a motorway with intense
traﬃc to collect pollen. Likewise, females of
two bumblebee species were reported to ﬂy
over roads to reach suitable foraging places
(Bhattacharya et al., 2003). However, these
bumblebees crossed roads mainly when ﬂo-
ral resources were declining. Similarly, only a
small percentage of females of the rare soli-
tary bee Andrena hattorﬁana crossed unpaved
roads (Franzen et al., 2009).
4.5. Distance between nest and pollen
source
As a medium sized bee species, C. ﬂori-
somne is predicted to have a maximum forag-
ing distance of about 200–400 m (Gathmann
and Tscharntke, 2002). In contrast, the cur-
rent study documents a ﬂight distance of 500–
650 m for several females of C. ﬂorisomne,
indicating that the foraging capacity of this
species is higher than expected. In spite of
these long foraging distances, recaptured Ch-
elostoma bees were found on available host
plant stands situated at minimum distances
to their nest. As many as 20 out of 21 for-
aging bees were noted on one of the four
closest host plant patches. As individual in-
sects within a population may vary in their
capacity for long ﬂights (Keil et al., 2001),
the proportion of individuals that successfully
reaches distant resources is in many instances
relatively low (Dorn et al., 1999; Gu et al.,
2006; Pasquet et al., 2008). Conversely, a rel-
atively high proportion of individuals can suc-
cessfully cover short distances (Keil et al.,
2001; Sarvary et al., 2008), coinciding with
the large number of bees recaptured in the cur-
rent study at the shortest possible distance cat-
egories from the nest. On the other hand, by
foraging on host plant patches in the vicinity
of the nest, the females of C. ﬂorisomne may
reduce foraging time and energy expenditure,
thereby maximizing the number of brood cells
they can build within their short lifetime as
adult insects. Indeed, foraging expenditure in
terms of energy and time were shown to af-
fect reproduction in bees (Feuerbacher et al.,
2003; Peterson and Roitberg, 2006; Williams
and Kremen, 2007) and travel costs were as-
sumed to render distant patches less proﬁtable
to foragers than closer ones (Williams and
Tepedino, 2003).
4.6. Conclusions
Landscape structures such as forests, hills,
rivers and motorways do not act as insupera-
ble barriers for the bee species and the spatial
scales tested in our study. These ﬁndings lead
to consecutive questions, referring to possible
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costs for crossing landscape structures, and to
females’ preferences when given the choice
to forage with or without crossing landscape
structures. Further, as both bee species inves-
tigated in the present study are widespread
and common in central Europe, the impact of
the same landscape structures on foraging be-
haviour of rare and endangered bee species
should be the subject of future investigations.
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Les structures du paysage sont-elles d’insurmon-
tables barrières pour les abeilles butineuses?
Une étude par la méthode de capture-recapture
sur deux espèces solitaires oligolectiques.
obstacles / paysage / fragmentation / distance
d’approvisionnement / Chelostoma ﬂorisomne /
Hoplitis adunca
Zusammenfassung – Sind Landschaftsstruk-
turen unüberwindbare Hindernisse für pollen-
sammelnde Bienen? Eine Fang-Wiederfang-
Untersuchung mit zwei oligolektischen Wild-
bienenarten. In der vorliegenden Arbeit wurde
mittels Fang-Wiederfang-Methode untersucht,
inwieweit Landschaftsstrukturen unüberwindbare
Hindernisse für pollensammelnde Weibchen zweier
oligolektischer Wildbienenarten darstellen. Zu
diesem Zweck wurden besetzte Nester, die ein
Jahr vor den Experimenten gesammelt wurden,
so in der Landschaft platziert, dass zwischen
ihnen und geeigneten Wirtspﬂanzenbeständen
Landschaftsstrukturen wie Wälder, Hügel, Flüsse
und Autobahnen lagen. Die Untersuchungen mit
der auf Hahnenfuß (Ranunculus) spezialisierten
Scherenbiene Chelostoma ﬂorisomne wurden in
einem hügeligen und stark bewaldeten Gebiet in der
Nordostschweiz durchgeführt (Abb. 1), diejenigen
mit der auf Natternkopf (Echium) spezialisierten
Mauerbiene Hoplitis adunca in einem Gebiet in
der Nordwestschweiz, welches von einem breiten
Fluss sowie einer stark befahrenen Autobahn
durchschnitten wird (Abb. 2).
Pollensammelnde Weibchen von C. ﬂorisomne
querten zwischen Nest und Wirtspﬂanzen bis zu
480 m breite Waldbestände und überwanden Hö-
hendiﬀerenzen von über 130 m (Tab. I). Weibchen
von H. adunca ﬂogen über einen 100 m breiten
Flussabschnitt und über eine 12 m breite Autobahn,
um zu ihren Wirtspﬂanzen zu gelangen. Mehrere
Weibchen von C. ﬂorisomne sammelten Pollen
in einer Distanz von 500–650 m von ihrem Nest
(Tab. I). Diese Beobachtung deutet darauf hin, dass
die maximale Flugdistanz dieser Art, die in der
Literatur auf 200–400 m geschätzt wurde, bisher
unterschätzt worden ist. Trotz dieser unerwartet
langen Flugdistanzen wurden die Weibchen von C.
ﬂorisomne vorwiegend in Wirtspﬂanzenbeständen
wiedergefunden, die in minimaler Entfernung zum
Nest lagen (Abb. 3B).
Die vorliegende Untersuchung zeigt, dass Land-
schaftsstrukturen wie dichte Wälder, Hügel, breite
Flüsse und stark befahrene Autobahnen keine un-
überwindbaren Hindernisse für pollensammelnde
Weibchen der beiden in Mitteleuropa häuﬁgen
und weit verbreiteten Wildbienenarten darstellen.
Inwieweit sich dieselben Landschaftsstrukturen
negativ auf pollensammelnde Weibchen von selte-
nen und gefährdeten Wildbienenarten auswirken,
müssen zukünftige Untersuchungen zeigen.
Landschaftsbarriere / Fragmentierung / Sam-
meldistanz / Chelostoma ﬂorisomne / Hoplitis
adunca
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